I. INTRODUCTION
Recently several papers were devoted to the study of NiF: Tanimoto et al. (1) published a study of the microwave spectrum, which provided very accurate parameters for the two lower electronic states (X 2 3/2 and [0.25] 2 + ). Molecular beam experiments were also performed, and they led to the identification of new excited electronic states and the observation of the vibrational structure for numerous transitions (2) (3) (4) . A highresolution survey of the visible spectrum of NiF has also been recorded by Fourier transform spectroscopy (FTS) (5), leading to the reanalysis of numerous transitions studied previously (references to the many papers published on NiF before 1997 are listed in Ref. (5) ).
The presence of five spin-orbit components (X ground state is now well established. The combination of microwave and optical FTS data in the fits improved the accuracy of the parameters of the electronic states studied in Ref. (5) . As a consequence, any transition involving one of the five low-lying states can now be studied easily.
A theoretical study performed using the ligand field approach (6) showed that the electronic states of NiF are strongly correlated with the atomic structure of the nickel ion. Such a ligand field calculation is not expected to provide an absolute correspondence between the experimental and the theoretical energy level diagrams, but at least qualitative agreement is expected. For example, it is experimentally established that most of the identified excited electronic states are located between 18 000 and 21 000 cm −1 . The theoretical diagram suggests that numerous electronic states are expected in this energy range, and that they 1 Numerous transitions have been observed in the spectral range 6000-12 000 cm −1 . In this paper, we describe the analysis of three electronic transitions located at 10 852, 11 100, and 11 180 cm −1 (Fig. 1) . It has been possible to identify the nature of the lower states of these transitions and, as a consequence, to locate two new upper states in the energy level diagram (at 11 096.05 cm −1 and 12 008.89 cm −1 ).
II. EXPERIMENTAL DETAILS
All the experiments were carried out at the University of Waterloo. The spectra of NiF were recorded in emission with a Bruker IFS 120 HR Fourier transform spectrometer (5) . A CaF 2 beamsplitter and a silicon photodiode detector were used for a wide survey between 9500 and 13 000 cm −1 at a resolution of 0.03 cm −1 . A 695-nm red pass filter (CORION) was inserted into the sample chamber to minimize the influence of scattered light from the internal He-Ne laser on the spectra. The molecular emission source was a tube furnace combined with a DC discharge. The central part of an alumina tube was heated to 930
• C by the high-temperature furnace. A few grams of NiF 2 were placed in the center of the alumina tube. A slow flow of Ar buffer gas (7.5 Torr) was used and a DC glow discharge at a current of 0.3 A inside the tube was observed.
Line positions were determined with the PC program "WSpectra" developed by Dr. M. Carleer of the Université Libre de Bruxelles, Belgium. Because the spectrometer was not evacuated, air-vacuum corrections were made on all lines (7). The spectra were then calibrated by a comparison of the observed Ar atomic lines with standard line positions (8) . The calibration factor was obtained as 1.000 001 009(68). Observed line positions are listed in Table 1 .
III. DESCRIPTION OF THE BANDS AND ROTATIONAL ANALYSIS
(a) The 11 180 cm
This intense band is characterized by well-developed R and Q branches and a weak P branch (Table 1) . No fine structure is observed despite the fact that the R branch can be followed up to J = 75.5. The derived parameters collected in Table 2 electronic states. In addition, the intensity of the R branch is expected to be higher than that of the P branch in a = +1 transition, as observed (9) . Such a 2 7/2 state is expected to be found in the group of molecular states correlated with the 2 F state of the Ni + ion (6) . Observation of the R (J = 2.5) line as the first line of the R branch is in agreement with the assignment, although we did not observe the first P line.
It has been possible to observe the 1-1, 0-1, and 1-0 bands for the [12.0] (4)). We also observed Q and R branches of the 1-1 band but only the Q branch of the very weak 1-0 band. All the experimental data collected (Table 1) The 11 100 cm −1 transition is even more intense than the nearby 11 180 cm −1 transition. We observe two R branches and two P branches (Table 1) , and the absence of a Q branch suggests that = 0. The 331 experimental lines have been fitted and the parameters derived for the lower state are quite similar to those of the X 2 3/2 state. A final fit was then carried out including the pure rotational data provided by Tanimoto et al. (1) . Based on the intensity and the observed branches, the new band is an allowed [11.1] 2 3/2 -X 2 3/2 transition. In the fitting procedure, the energy levels of the upper and lower states are represented by simple polynomial expressions. For a = 3/2 spin-orbit component of a 2 state, the -doubling splitting is expected to be proportional to J 3 . It turns out that the quality of the fit is greatly improved if the -doubling part of the energy level formula is described by the expression:
In this expression, the upper sign refers to the e levels and the lower sign to the f levels. Similar phenomenological fitting parameters have already been required for some of the electronic states of NiF (5) . The explanation for these unusual parameters is the presence of nearby perturbing electronic states. The proof for this suggestion would require a fitting procedure that includes the Hamiltonian matrices of all the interacting states and the coupling matrix elements. We are not at a stage yet for which such a fit is possible. Another sign of possible perturbations is the fact that the P ee and R ee branches can be followed up to J ≈ 92.5, while the P f f and R f f branches are observed up to only J ≈ 79.5. Therefore, the lines with J greater than 79.5 show increasing deviations from the expected calculated positions, but the weakness of the lines and the overlapping of this spectral region by the lines of the Q f e and R ee branches of the [11.1] 2 (v = 0) transition did not allow us to characterize the perturbation (see Fig. 1 ). We note that this perturbation is not responsible for the presence of the phenomenological a and p parameters, because these parameters are required to account for the line positions even at low J values. Such a discrepancy between experimental and calculated positions of the states may appear to be considerable. We must note that calculations based on ligand field theory (6) enabled the construction of a rough energy level diagram. The aim was to show that the molecular electronic states are strongly correlated with the atomic structure of the Ni + ion. When some experimental positions of states are known then the ligand field predictions can be improved, as observed for the upper states of the visible transitions of NiF (5). In Ref. (5) , the lack of information on the near-infrared transitions resulted in reduced accuracy for the predictions for the lower-lying excited states. Nevertheless we can conclude that the electronic states responsible for the infrared transitions of NiF are correlated to the [3d 8 
